City. A large proportion of the strains were resistant to the majority of antistaphylococcal antibiotics. The ratio of multiply resistant strains was highest among tetracycline-resistant strains. There were significant differences in phage susceptibility patterns and the resistance spectrum of strains isolated at different hospitals, whereas strains isolated at the same hospital often showed a marked degree of similarity. This suggests multiple origins of gentamicin-and methicillinresistant strains isolated in New York City.
The appearance of gentamicin-and methicillin-resistant strains of Staphylococcus aureus (Gmnr Mecr) was first reported in England (13, 19) and since 1977 also in the United States (6) . Since resistance to both gentamicin and methicillin is relatively infrequent among S. aureus strains isolated in the United States, the simultaneous presence of the two resistance markers is of epidemiological as well as genetic interest.
In our laboratory, more than 14,000 strains of S. aureus submitted for phage typing have been screened for gentamicin resistance since June 1977. Strains found to be gentamicin resistant were further tested for susceptibility to other antibiotics. In addition, our laboratory has an ongoing program for the investigation of methicillin-resistant strains isolated in hospitals in New York City (18) . This allows a relatively comprehensive survey of changes in antibiotic resistance of S. aureus strains in a densely populated urban area.
Since the spring of 1979 there has been a marked increase in the frequency of Gmnr MeCr isolates, including strains from blood cultures and others isolated from fatal infections. These strains appeared almost simultaneously in a large number of hospitals and, in several instances, were of nosocomial origin. This paper presents comparative data on Gmnr Mecr strains isolated in hospitals in New York City and discusses some of the epidemiological implications of these data.
MATERIALS AND METHODS Strains. The strains investigated included those routinely received for phage typing from hospitals in New York City, as well as others submitted through a collaborative survey (18) of methicillin-resistant S.
aureus strains. The strains were screened for gentamicin resistance as described below. A questionnaire requesting information concerning diagnosis and antibiotic treatment was mailed to hospitals from which gentamicin-resistant strains were received. The 195 strains received from 19 hospitals in New York City listed in Table 1 Up to 12 strains were tested on each plate. Strains found to be resistant to gentamicin were further tested by the Kirby-Bauer method (2) for susceptibility to: gentamicin, amikacin, kanamycin, netilmicin, sisomicin, streptomycin, tetracycline, minocycline, penicillin, methicillin, oxacillin, erythromycin, clindamycin, chloramphenicol, vancomycin, and trimethoprim plus sulfamethoxazole. The antibiotic disks were purchased from BBL Microbiology Systems, with the exception of netilmicin and sisomicin disks, which were prepared in our laboratory, and minocycline disks, which were received from Lederle Laboratories. Minimal inhibitory concentrations of methicillin and gentamicin were determined on LB agar plates with serial dilutions of the antibiotics tested, by using the Steers replicator (20) .
Bacteriophages. Bacteriophage susceptibility was determined by using the international set of Staphylococcus typing phages at routine test dilutions and 100 times routine test dilutions (3, 15 Table 3 .
All Gmnr Mecr strains tested were resistant to penicillin, kanamycin, sisomicin, and tobramycin, and sensitive to vancomycin. There were differences in the tetracycline susceptibility of strains isolated at several hospitals. Literature data (4, 9) indicate that most methicillin-resistant strains are resistant to tetracycline and streptomycin. As some of the tetracycline-susceptible strains included in this investigation were also susceptible to other antibiotics, they were listed separately ( Of the tetracycline-resistant strains, a significant number were resistant to most anti-staphylococcal antibiotics; some strains were susceptible only to vancomycin. Tetracycline-resistant strains were also resistant to minocycline, which is indicative of chromosomal tetracycline resistance (1, 17) . With the exception of strains isolated at New York Hospital, erythromycin resistance was associated with clindamycin resistance. Most tetracycline-resistant strains were resistant to streptomycin and chloramphenicol, but the majority of isolates from Manhattan V.A. Hospital were streptomycin sensitive. Susceptibility to trimethoprim plus sulfamethoxazole, amikacin, and to a lesser extent, netilmicin varied according to the hospital from which the strains were isolated.
Phage susceptibility patterns. Among the strains typable by the international phages, strains of group III were predominant. A relatively large portion of the Gmnr Mecr strains were typable only by experimental phages or gave stronger lytic reactions with the experimental phages than with the international set of phages. The resistance of some of the Gmnr Mecr strains to most anti-staphylococcal antibiotics makes the emergence of these strains a potentially serious public health problem. Gentamicin-and methicillin-resistant strains were isolated in some cases from blood cultures, peritoneal fluid, and wound infections, but in other instances, their clinical significance remains uncertain.
The simultaneous appearance of Gmnr Mecr strains in a large number of unrelated hospitals is difficult to explain. It could be assumed that methicillin-resistant strains, already present in the hospital environment have acquired the gentamicin resistance marker. The acquisition of gentamicin resistance by methicillin-resistant strains is suggested by the similarity of phage types of Gmnr Mecr strains to those of Mecr strains previously isolated in New York City (18) or described in the literature (4, 16) . Literature data indicate a higher probability of transfer of gentamicin resistance than of methicillin resistance. Transfer of methicillin resistance is very difficult to achieve in vitro (5, 10), although gentamicin resistance has been transferred in vitro (7) and probably also in the hospital environment (8) .
Data obtained in methicillin-resistant strains isolated in England (10, 11) , Denmark (4), and Switzerland (9) indicated that strains isolated at different locations often had similar characteristics, including tetracycline and streptomycin resistance. This led to the assumption of common origin for these strains (9, 12) . The epidemiological situation in New York City appears to be quite different. Although strains isolated at the same hospital often had common characteristics, in most instances strains isolated at different hospitals showed marked differences in phage susceptibility and antibiotic resistance patterns. Some of the Gmnr Mecr strains had unusual characteristics such as tetracycline and streptomycin susceptibility, lack of mannitol fermentation, or rifampin resistance. The diversity of Gmnr Mecr strains makes it probable that different methicillin-resistant strains have acquired gentamicin resistance independently. In some instances, this may have been followed by the spread of the Gmn' Mecr strains to other hospitals, as probably occurred with the strains of type 88.
It is possible that the simultaneous presence of methicillin and gentamicin resistance presents selective advantages in the hospital environment, facilitating their colonization and survival. The persistence of some Gmnr Mecr strains is indicated by repeated isolations of strains of the same phage type-in some instances, as at Brooklyn Jewish and New York Hospitals, at intervals of more than a year.
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